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Abstract 
The incorporation of renewable energy sources in the wireless communication network is becoming a 
more dominant application in Sudan where oil is one of the main sources of electricity. This paper 
focuses on the optimum size and design of a hybrid power system for powering remote Base Transceiver 
Station (BTS) sites that are based on the target of minimizing capital and operation costs of system 
components without compensation of meeting the load demand. Three different system configurations are 
assessed and compared according to system’s efficiency and performance, Cost of Energy (COE) and 
environmental emissions. This analysis is carried out by HOMER software. 
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1. Introduction 
 
The telecommunication industry has grown rapidly in the last 10 years due to the extreme reliance on 
communication through cellular phones and internet use. In rural areas, 10% of telecommunication 
systems are being off-grid connected [1]. The construction of such systems is very challenging with an 
optimum solution of providing electricity in a reliable and cost-effective manner in these areas [2]. The 
common power source used is the diesel generator. However, the use of diesel generators have several 
disadvantages including greenhouse emissions, low electrical conversion efficiency due to high levels of 
dissipation of heat and high running costs due to regular intervals of maintenance routines [3]. The 
inaccessibility of electricity from the national grid system to remote, isolated areas motivated the use of 
micro-grid systems as a result of increased costs of expansion of the transmission lines [4]. The aim of 
this study is to search for the optimum hybrid power system composed of mainly solar panels and wind 
turbines needed to meet the load demand of the telecom sites in remote areas in Sudan where electricity 
from conventional sources have become scarce due to the segregation of Sudan.  
 
2. Selection of Telecom Sites and the Design of Micro-grid Hybrid System 
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2.1 COUNTRY’S OVERVIEW 
Sudan is a country of a location of 15°N, 30°E and an area of 1,861,484 km² with a population of 
34,206,710 [5]. Sudan is mainly known for its natural resources such as minerals, petroleum and 
hydropower [6]. In 2007, the dominating primary energy supply was biomass (72.8%) due to the majority 
of people living in rural areas [5]. Only 30% of the population living in urban areas have access to 
electricity from the national grid whilst 70% of the population living in rural areas have access to 
electricity by connecting small generators to the diesel powered irrigation pumps [6]. Solar energy which 
ranks 9th position in the world (recorded in 2008) is the most potential renewable energy in Sudan 
(average daily solar insolation is nearly 5-7 kWh/m²) [7]. Wind is the second potential energy in South 
East and North West of Sudan [8]. 
 
2.2 SELECTION OF TELECOM SITES IN SUDAN 
There are 3 main operators in Sudan (Zain, MTN and Sudatel) with a total of 27.5 million mobile 
connections. There are more than 700 telecom sites in Sudan. The sites are categorized into three main 
classes; indoor, outdoor and fiber-optics where each of these classes has different configurations. The six 
chosen sites for this study have (2+2+2) (0+0+0) and (4+4+4) (0+0+0) configurations. These sites are 
located in areas where access to such sites is extremely difficult especially with diesel generators being 
the main source of electricity. The maintenance routine checks were a hassle leading to a few sites 
suffering from 6 months autonomy whilst others had their diesel generators and fuel tanks installed 
underground. The weather conditions for ADLDAN telecom site are measured from a local weather 
station or from NASA Meteorology and Solar Energy website [9]. The average daily solar radiation is 
6.062 kWh/m²/day and the average wind speed is 2.512 m/s as shown in Table 1. The average daily load 
of ADLDAN telecom site is shown below in Figure 1.  
 
                                                        Figure 1 Hourly load profile of ADLDAN telecom site 
 
Table 1 Average monthly wind speeds and solar radiation in ADLDAN telecom site. 
 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Wind speeds(m/s) 2.9 3.1 2.8 2.8 2.3 2.7 2.5 2.1 1.9 2.0 2.5 2.6 
Radiation (kWh/m²/day) 5.71 6.26 6.72 7.03 6.60 6.21 5.64 5.59 5.86 5.86 5.8 5.5 
 
2.3 MICRO GRID HYBRID SYSTEM DESIGN 
   The hybrid system consists of the following components: PV array, wind turbine, back-up AC diesel 
generator with battery storage and power electronics unit connected to the telecom site. The use of a 
battery bank in this system is for storing excess electricity that is generated from the wind turbine and 
solar panels. The system must be designed in a manner to allow for the maximum storage of electricity 
(i.e. maximum capacity of storage) at a maximum efficiency since the telecom site has to be supplied with 
electricity on a 24 hour basis. The charge controller and rectifier are used to provide an exact supply and 
demand chain between the telecom site and hybrid system.  
 
3. Computation Simulation Using HOMER 
 
   HOMER is a simulation tool used to analyse and assess different designs of both off-grid and grid 
connected power systems. In order to produce an optimized power system configuration, it is important to 
consider whether the system’s components are suitable for this power system or not by studying the 
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number and size of each component with regard to the available energy resources [10]. The simulation 
assumptions (as shown in Figure 2) were based on the sensitivity analysis that are based on selecting wind 
speeds, daily solar radiation, primary load scaled annual averages and diesel prices as sensitivity 
variables. The wind speeds and daily solar radiation readings were found using Geographical Information 
Systems (GIS). The primary load does not significantly change throughout the year hence; an assumption 
of 15% is taken. The diesel fuel prices changes throughout the year due to the infliction of the war regime 
(increase in double the fuel price is taken per year).  
 
4. Results and Discussion 
According to the input variables, HOMER software generates a set of system configurations starting 
from the most cost effective to the least cost effective where mainly three different cases including a 
PV/wind turbine/diesel generator/battery, PV/diesel generator/battery and diesel generator/battery system 
configurations are mostly studied with a comparison based on Total Net Present Cost (NPC), Cost of 
Energy (COE) and environmental emissions as shown below in Figure 2.  
                                      
                               Figure 2: List of power system configurations and the assumptions taken for the analysis.  
 
PV/diesel generator/battery configuration was the optimized power system for ADLDAN telecom site 
compared to PV/wind turbine/diesel generator/battery configuration. This is due to the PV system taking 
in account for more than 92% of the generated power of the hybrid system (contribution of the wind 
turbine being quite low), capital intensive, difficulties in installation of wind turbines in remote areas due 
to the inaccessibility of roads, minimal technical expertise in Sudan due to the reduced availability of 
wind turbines and low surrounding average wind speeds. The contribution of the power generated from 
diesel generator is quite low (4%) hence; reduced running costs due to less fuel consumption. However, 
even with the reduced fuel consumption, the level of greenhouse gas emissions (371.76 kg/year) is still 
significant.  
For the optimized system configuration, input power from the PV system is considerably high (97%) 
henceforth; the size of the hybrid system is considerably large yet smaller than the size of PV/wind 
turbine/diesel generator/battery power system with reduced greenhouse emissions (245.44 kg/year due to 
3% power contribution from the diesel generator), reduced running costs of the diesel generator and 
excess electricity. This proves that this hybrid power system is the most cost effective solution (based on 
the net present cost of $47,704 and COE of $0.837/kWh) as shown above in Figure 2. The monthly 
average electric productions from PV/diesel generator/battery and PV/wind turbine/diesel 
generator/battery hybrid power systems are shown below in Figure 3. 
 
Figure 3: Monthly total electrical power generation of (left) PV/wind turbine/diesel generator/battery, (centre) PV/diesel 
generator/battery and (right) diesel generator/battery hybrid power systems. 
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The diesel generator/battery power system provides the least initial capital costs ($16,308) but has the 
highest total net present cost due to the elevated operating costs making it the least cost effective power 
solution ($98,606 and COE of $1.825/kWh compared to the most cost effective solution). In addition, the 
greenhouse emissions are the highest in this case (8,085.82 kg/year). In reality, this telecom site does not 
even consider this system configuration as a potential source of power due to the low load demand of the 
telecom site (a telecom site with an average load of less than 1.2 kW is usually solar powered). The 
monthly average electric production from diesel generator/battery power system is shown in Figure 3. 
In reality, the smallest size of a diesel generator used in a telecom site is 5.6 kW. This is due to the 
high starting current of the diesel generator which requires more power than is needed by the telecom site. 
This option is certainly not the most optimized hybrid power solution (high NPC: $65,921 and COE of 
$1.157/kWh) but it rather depicts how it could be applied in reality (5.7 kW PV system, 5.6 kW diesel 
generator, 72 batteries and 5.6 kW rectifier) as shown in Figure 4. On the other hand, this hybrid system 
has significant advantages such as lower contribution from the diesel generator so as to abate the running 
costs and reduced greenhouse emissions compared to the diesel generator/battery power system which is 
the least cost effective solution because of its high NPC ($132,462). However, the diesel generator/battery 
power system could be used during the night-time and low levels of sunlight (winter or rainy seasons) 
when the PV/diesel generator/battery power system is not meeting the load demand of the telecom site. 
An alternative solution would be to use a larger battery bank in order to cut down with the costs.  
                                   
                                                            Figure 4:  System configurations that could be applied in reality. 
5. Conclusion 
The proposed hybrid system for ADLDAN telecom site is proven to show 100% reliability on a 24 
hour basis, high performance, extended lifetime (20 years) and more cost effective than conventional 
power sources. HOMER software was able to provide these results based on several input data (available 
solar and wind resources, size and costs of system components and load requirements) by calculating all 
possible scenarios during low and high levels of sunlight and low average wind speeds. In conclusion, the 
only option the telecommunication industry has in terms of reliability and cost savings is a green power 
solution, keeping in mind that the six telecom sites are located in war zones (Darfur and Kordofan). The 
implementation of this project will open more doors towards a more dominant application of renewable 
energy in Sudan.  
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